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December 2012 growth factor (CTGF) profibrotic pathway. The present study was designed to determine the proinflammatory (membrane cofactor protein-1, C-C chemokine receptor type 5 [CCR5]), oxidative stress (NOX2, p22phox), and profibrotic (TGFβ, CTGF, fibronectin, collagen III [Col III]) cardiac responses in wild-type (WT) and cardiomyocyte MR-null (MyoMRKO) mice, given DOC/salt and investigated at both the initiation of tissue injury (8 days) and once fibrosis is established (8 weeks) . We also performed microarray analysis for the identification of additional important inflammatory and fibrotic signaling pathways that may contribute to the translation of cardiomyocyte MR activation into tissue remodeling via known or novel pathways.
Materials and Methods
Additional Materials and Methods are provided in the online-only Data Supplement.
Cardiomyocyte-Specific MR Knockout Mice
All procedures involving animals were approved by the Monash University Animal Ethics and Biosafety Committees. The presence of the MR flox/flox and MLC2v Cre transgene was determined by polymerase chain reaction analysis of genomic DNA from tail tips with the primers listed in Table S1 of the online-only Data Supplement ( Figure S1A and S1B). MR expression in cardiomyocytes was determined by immunohistochemical analysis and Western blot as previously described. 4 Male MR flox/flox and MR flox/flox
/MLC2v
Cre+/− mice (25-30 g) were uninephrectomized and given vehicle or DOC (Sigma-Aldrich), administered via a subcutaneous pellet (7 mg of pellets/3 weeks), and maintained on standard chow plus 0.9% NaCl plus 0.4% KCl solution for 8 days or 8 weeks. Systolic blood pressure (SBP) was measured by tail-cuff plethysmography at weeks 4 and 8, as previously described (IITC Life Science). 4 
Radioimmunoassay for Hormone Levels
Aldosterone, corticosterone, angiotensin II, and atrial naturietic peptide were determined in serum by standard radioimmunoassay according to the manufacturers' instructions (MP Biomedicals).
Assessment of Ex Vivo Heart Function
WT and MyoMRKO mice given vehicle or DOC/salt for 8 weeks (final age, 16 weeks) were anesthetized with sodium pentobarbitone (70 mg/kg, IP). A thoracotomy was performed, and hearts excised into ice-cold perfusion fluid for cannulation and perfusion on a Langendorff perfusion system (expanded Methods in the online-only Data Supplement).
Histological and Immunohistochemical Analyses
Cardiac fibrosis was quantified by Picrosirius red staining (5-μm sections) and digital analysis of systematically sampled sections as previously described. 4 Cardiomyocyte cross-sectional area was determined in hemotoxylin and eosin-stained sections, with 80 to 100 cells sampled per heart (n=7 hearts per treatment group) and the cross-sectional area determined directly using Analysis LS Research software (Olympus).
Inflammatory cell infiltration was determined by CD11b immunostaining (Abcam). Immunostaining was also performed for TGFβ1 (1:300; Santa Cruz, Biotechnology Inc), CTGF (1:100; Abcam), fibronectin (1:1000; Santa Cruz Biotechnology), Col III (1:300; Abcam), and decorin (1:100; R&D Bioscience, Sapphire Bioscience Pty Ltd) and the relevant negative IgG used as control. Immunostaining was assessed by 2 investigator blinded to the identity of the samples using a semiquantitative scoring system of 0, +, ++, and +++, where 0 is no staining and +++ is strong staining. Between-investigator variability was calculated to be ≈15%.
Illumina BeadChip Expression Array
An Illumina BeadChip expression array was used to identify oxidative stress, inflammatory, and profibrotic genes not previously characterized in the DOC/salt model and those potentially regulated by cardiomyocyte MR. Gene expression profiles were determined with Illumina BeadChip expression arrays (MouseRef-8 version 2.0 Expression BeadChip; Illumina Inc) performed at the Australian Genome Research Facility on pooled mRNA from each treatment group and genotype. Genes identified by differential expression on microarray and those previously associated with DOC/salt inflammation and tissue remodeling were confirmed by quantitative polymerase chain reaction using primers listed in Table S1 .
Matrix Metalloproteinase 2/Matrix Metalloproteinase 9 Activity
Tissue was homogenized with a Qiagen Tissue Lyser and assayed with a Molecular Probes EnzChek Gelatinase/Collagenase Assay Kit (Invitrogen). Total protein was determined with the Pierce BCA Protein Assay Kit (Thermo Scientific) and a total of 70 μg per sample were used. Briefly, samples were made up to a total volume of 200 μL with reaction buffer and 10 μL of DQ fluorescent gelatin, the substrate for gelatinases matrix metalloproteinase (MMP) 2 and MMP9. Twenty micromoles per liter of EDTA was added to separate samples and inhibited MMP2/MMP9 activity by 50% (data not shown).
Readings were recorded on the Agilereader (Agilent) with a 515-nm filter at 1, 2, and 24 hours.
Statistical Analyses
All data sets were analyzed by 2-way ANOVA and Bonferroni post hoc test (GraphPad Prism version 5.0a, GraphPad Software). Normal distribution was confirmed by the D'Agostino-Pearson normality test before ANOVA. The mean difference was considered significant at P<0.05. All data are reported as mean±SEM and n=8 to 10 for treatment groups; for semiquantitative analysis of immunostaining, n=5 to 6 per group used. Cre/+ (MyoMRKO) mice ( Figure S1C and S1D); they showed normal fertility. Deletion of the loxP-flanked genomic region of MR resulted in loss of MR expression in cardiomyocytes ( Figure S1A and S1B). MyoMRKO mice had a normal phenotype with normal body, heart, and kidney weights; baseline SBP; and plasma aldosterone, corticosterone, and angiotensin II levels within the expected range for mice drinking 0.9% saline NaCl/0.04% KCl (Tables S2 and S3) .
Results
Cardiomyocyte MR-Null Mice
Cardiomyocyte MR Signaling, Tissue Inflammation, and Remodeling at 8 Days
Tissue Remodeling Cardiac responses were examined at 8 days to determine whether loss of cardiomyocyte MR influenced the onset of cardiac fibrosis. DOC/salt treatment modestly increased cardiac interstitial collagen deposition above control in WT mice only ( Figure 1A) . No significant change in MMP2/MMP9 activity was found at this time ( Figure 1B ), but a significant genotype effect was detected for the increased MMP/tissue inhibitors of metalloproteinase 1 mRNA ratio in MyoMRKO tissue versus WT ( Figure 1C ). The small change in fibrosis detected at 8 days of treatment was absent in MyoMRKO mice.
A panel of markers for cardiac oxidative stress, inflammation, and remodeling plus novel targets identified from microarray analysis were examined by quantitative polymerase chain reaction (Tables S5 and S6 ). Gene data sets have been deposited on the online Gene Expression Omnibus. Genes from the microarray selected for further analysis were chosen for their role in oxidative stress, inflammation, and fibrosis. Genes showing significant changes are highlighted and show basal mRNA levels for plasminogen activation inhibitor 1, vascular endothelial cell growth factor A (VEGFa), and VEGF receptor 2 that were significantly lower than untreated WT mice (WT CON) in MyoMRKO hearts ( Figure 1D and 1E and Table S6 ). mRNA levels for plasminogen activation inhibitor 1 ( Figure 1D ) and Per2 increased in response to DOC/salt in WT but not MyoMRKO hearts ( Figure 1F ). In contrast, mRNA for Col III and fibronectin was equivalently increased by DOC/salt in WT and MyoMRKO mice (Table  S6 ). The lack of a fibrotic response in MyoMRKO mice is thus accompanied by a suppression of some, but not all, markers of fibrosis and tissue remodeling.
Inflammatory Responses
We detected a significant increase in infiltrating monocytes/ macrophage number in hearts from both WT and MyoMRKO mice (Figure 2A) , consistent with the previously reported primary vascular inflammatory response to DOC/salt administration. 4 ,11 DOC/salt treatment for 8 days significantly increased mRNA levels for T-cell chemoattractant CCR5 and nicotinamide adenine dinucleotide phosphate oxidase subunit NOX2 in WT but not MyoMRKO mice ( Figure 2B and 2C). mRNA levels for nicotinamide adenine dinucleotide phosphate oxidase subunit p22phox were lower in untreated MyoMRKO hearts than for WT CON ( Figure 2D ). These data show lowered oxidative markers and a loss of an innate inflammatory response in MyoMRKO compared with WT mice after DOC/ salt treatment.
Cardiomyocyte MR Regulate Cardiac Inflammation and Remodeling at 8 Weeks
Tissue Remodeling
Neither genotype nor DOC/salt treatment significantly altered cardiac or renal weight relative to body weight (P=0.7 versus WT CON), nor cardiomyocyte cross-sectional area (Table S3) . A marked increase in tissue fibrosis was seen after 8 weeks of DOC/salt administration in WT hearts, but there was a striking lack of fibrosis in DOC/salt-treated MyoMRKO mice ( Figure 3A and Figure S2A ). MMP2/MMP9 activity was lower in WT DOC compared with WT CON, whereas activity in MyoMRKO DOC was equivalent to WT CON ( Figure  3B ). The panel of fibrotic and inflammatory markers was also assessed at 8 weeks and showed increased CTGF, fibronectin, Col III, and TGFβ mRNA levels by DOC/salt treatment in both WT and MyoMRKO mice at 8 weeks ( Figure 4A through 4C and 4E). The TGFβ1-inhibitory peptide decorin, identified in the microarray screen, was increased by DOC/ salt in both genotypes and at baseline in MyoMRKO mice ( Figure 4D ). In contrast, baseline values for TGFβ1 and integrin-β1 mRNA were significantly lower in MyoMRKO hearts compared with WT CON (Figure 4E and 4F). VEGFa Fibronectin was detected in all hearts in interstitial and perivascular spaces with expression higher in both control and DOC-treated WT mice compared with MyoMRKO mice (Table S4 and Figure S3A ). CTGF expression was detected in cardiomyocytes and the vessel wall and increased in response to DOC/salt in WT hearts only (Table S4 and Figure S3B ). Vascular expression of TGFβ was not seen in MyoMRKO hearts, but was increased in hearts from DOC/ salt-treated WT mice (Table S4 and Figure S4A ). Similar to CTGF staining, Col III levels were increase WT mice only by DOC/salt treatment (Table S4 and Figure S4B ). Decorin expression was detected in perivascular and interstitial regions in cardiac tissue in all mice and was higher in MyoMRKO hearts regardless of treatment (Table S4 and Figure S5 ). VEGFa was detected in vessel wall of both genotypes, whereas immune cell expression of CTGF, TGFβ1, and VEGFa showed no change with either genotype or treatment (data not shown).
At 8 weeks of DOC/salt, 3 patterns of responses were found for fibrotic marker expression: (1) suppression at baseline and in response to DOC/salt in MyoMRKO versus WT mice (ie, TGFβ1, integrin β1, and VEGFa); (2) equivalent upregulation in both genotypes with DOC/salt (CTGF, fibronectin, and Col III); and (3) increased basal and DOC/salt-induced expression of antifibrotic factors (decorin) in MyoMRKO versus WT mice. Upregulation of several profibrotic markers at the mRNA level was not reflected in protein expression in MyoMRKO mice.
Inflammatory Responses
A marked increase in tissue monocytes/macrophages was detected at 8 weeks of DOC/salt treatment in WT but not MyoMRKO mice ( Figure 5A and Figure S2B ). Similarly, increased CD45+ leukocyte and CD8+ T-cell numbers were seen in WT mice only with DOC/salt treatment ( Figure 5B and 5C). Consistent with these data, baseline mRNA levels were lower in MyoMRKO CON versus WT CON for the chemoattractant proteins membrane cofactor protein-1 and CCR5, monocyte differentiation antigen CD14, and B-cell/T-cell costimulatory antigen CD81 ( Figure 5D through 5G). Although mRNA levels were lower in MyoMRKO mice, a significant treatment effect was still detected for membrane cofactor protein-1 mRNA ( Figure 5D ) but not for CCR5, CD14, and CD81. These data show that loss of cardiomyocyte MR blocks the full inflammatory response to DOC/salt. A difference in inflammatory cell number at 8 days versus 8 weeks reflects the importance of vascular inflammation for early macrophage recruitment and the normal life span (6-16 days) of macrophages.
Cardiomyocyte MR Modulates Ex Vivo Cardiac Function but Not Blood Pressure Responses to DOC/Salt Treatment
Cardiac function was determined at 8 weeks in vehicle and DOC/salt-treated WT and MyoMRKO hearts instrumented on a Langendorff apparatus under aerobic perfusion conditions. Left ventricular-developed pressure was not different between vehicle-treated mice of both genotypes and was not altered by pacing hearts at 420 beats per minute (Table  S7) . DOC/salt treatment in WT, but not MyoMRKO, mice was associated with a significant increase in developed pressure, also apparent in paced hearts. Rates of cardiac contraction and relaxation assessed by a 2-tailed t test were also increased in WT mice given DOC/salt only (P=0.011 and P=0.012; Table S7 ). Heart rate and coronary flow (data not shown) were equivalent in all groups. These data demonstrate that loss of MR specifically in cardiomyocytes does not alter baseline cardiac function but that treatment with DOC/salt for 8 weeks promotes a positive inotropic state that is absent in MyoMRKO mice. Figure S6A ). Mean SBP values for untreated MyoMRKO mice were higher than for WT but not significant, with no difference in SBP found for MyoMRKO mice between CON and DOC/salt treatment. Plasma atrial naturietic peptide levels were equivalent in untreated WT and MyoMRKO mice at 8 weeks and were increased only in WT DOC mice ( Figure S6B ). Eight-week mRNA levels for brain natriuretic peptide were significantly lower in untreated MyoMRKO mice compared with WT; DOC/salt treatment significantly increased values in WT with similar relative change in MyoMRKO mice ( Figure S6C ). These limited changes in hemodynamic parameters are thus unlikely to account for the marked reductions in tissue fibrosis and inflammation observed in the MyoMRKO mice.
Discussion
The present study demonstrates a central role for cardiomyocyte MR in both the initiation and progression of DOC/salt-induced cardiac tissue inflammation and remodeling. Although the cardiomyocyte MR is not involved in the initial phase of DOC/saltinduced macrophage recruitment, we have identified a role for cardiomyocyte MR in the sustained inflammatory response at 8 weeks of DOC/salt treatment, in part via regulation of expression of chemoattractant proteins and chemokines. Upregulation of the CTGF-TGFβ1-Col III profibrotic pathway at the mRNA 
Cardiomyocyte MR and Collagen Deposition
A significant finding of the current study is that DOC/saltmediated cardiac fibrosis is prevented in MyoMRKO mice. Our data show a parallel change in gene expression in MyoMRKO mice that favors reduced tissue fibrosis at 8 days (reduced plasminogen activation inhibitor 1) and 8 weeks (reduced TGFβ1). 12, 13 Together with a higher MMP2/MMP9 activity in MyoMRKO mice versus WT, these tissue responses suggest a mechanism for the absence of a fibrotic response to DOC/salt treatment in MyoMRKO mice.
Our finding that profibrotic gene expression (CTGF, Col III, and fibronectin) was not altered by loss of cardiomyocyte MR may reflect high vascular expression of these markers (shown by immunostaining) or a limited role for cardiomyocyte MR in their regulation. A novel finding in the present study is that the CTGF/TGFβ-inhibitory protein decorin was upregulated in MyoMRKO mice. Given that decorin is a negative regulator of CTGF and TGFβ1 14 and that loss of decorin is associated with significant tissue fibrosis, 15 it is possible that elevated levels of this protein in the MyoMRKO mouse heart may serve to limit the profibrotic effects of CTGF and TGFβ1.
Gene expression of growth factors and markers of remodeling were significantly lower in MR-null cardiomyocytes. Of these, VEGFa and integrin-β1 remained low at 8 weeks. In particular, DOC/salt stimulation of VEGFa in WT mice was completely absent in MyoMRKO mice. Although a role for VEGFa regulation of capillary density has been described in ischemic remodeling, it is less well described in reactive fibrosis models; these data are consistent, however, with a role for VEGFa in tissue remodeling. Interestingly, a decorinderived peptide has been shown to inhibit VEGF-stimulated NO release and endothelial cell migration in other model systems; decorin may thus play a broader role in the modulation of DOC/salt fibrosis. 16 Per2 was selected for analysis, given that it is regulated by aldosterone in cardiomyocytes and that mice null for Per2 are protected from cardiac remodeling. 17 Per2 was upregulated at 8 days of DOC/salt in WT but not MyoMRKO mice, suggesting a potential role for cardiomyocyte MR signaling in the modulation of clock genes, although detailed time-course studies are required to fully characterize this response. Given that the cardiomyocyte circadian clock influences myocardial gene expression, heart rate, function, and tolerance to reperfusion injury, Per2 may represent a novel contributor to DOC/ salt-mediated cardiac pathology. 18 
Cardiomyocyte MRs and Inflammation
Cardiomyocyte MRs are important for the recruitment of inflammatory cells at 8 weeks but not 8 days. The parallel increase in macrophage number in both WT and MyoMRKO mice at 8 days is consistent with the role of vascular MR in the initial inflammatory infiltrate. 5 Our data suggest that cardiomyocyte MR signaling may also regulate cell adhesion factor intercellular adhesion molecule-1 at baseline, but not in response to DOC/salt treatment as suggested previously. 11, 19 Although macrophage recruitment is maintained in MyoMRKO mice, oxidative stress (NOX2 and p22phox) and inflammatory markers (CCR5) are substantially lower than for WT mice, suggesting that the tissue response to the DOC/salt stress is already limited at this early stage.
At 8 weeks, the MyoMRKO hearts do not show the characteristic DOC/salt inflammatory cell infiltrate observed in WT mice. Our present data are thus consistent with our previous studies showing the importance of macrophage MR in cardiac remodeling. 4 The mechanisms by which cardiomyocytes promote tissue fibrosis may therefore be macrophage dependent. Although decreased macrophage infiltration is associated with reduced tissue remodeling, our current data also show that a range of leukocytes play a role in DOC/salt cardiac pathology, that is, CD45
+ leukocytes and CD8 + T cells that have previously been linked with tissue remodeling. 20 Several proinflammatory genes not previously explored in the DOC/salt model, upregulation of CCR5 (chemokine for T-cell recruitment), 21 CD14 (myeloid cell surface receptor), 22 and CD81 (key regulatory protein on B cells and T cells), 23, 24 were lost in MyoMRKO mice. Although differential expression of these markers may reflect differences in immune cell infiltrate, these data offer further insights into the specific subsets of immune cells in the tissue remodeling process.
Cardiomyocyte MRs, Blood Pressure Regulation, and Cardiac Function
DOC/salt was associated with a positive inotropic effect in WT hearts only indicated by an increased developed pressure. A positive chronotropic effect of DOC/salt was also found for WT but not MyoMRKO mice (+Dp/dt and −Dp/ dt; 2-tailed t test). These data are consistent with previous studies showing aldosterone-dependent increased factional shortening of cardiomyocytes and increased chronotropic responses in isolated cardiomyocytes. [25] [26] [27] Although plasma volume contributes to developed pressure, the hypervolemia induced by DOC/salt is equivalent in WT and MyoMRKO mice, given that renal and vascular MR are intact. A lack of effect of fibrosis on cardiac relaxation is consistent with this stage of the model, which is has been selected to assess mediators of tissue remodeling. That cardiac function is normal in unchallenged mice shows that cardiac development is unaffected by the absence of MRs and is thus not compromised before the onset of the disease. 9 DOC/salt treatment produced treatment effects on SBPs that were more marked in WT mice than MyoMRKO. However, SBP for MyoMRKO mice was not different from WT in either control or DOC/salt-treated mice, indicating that any effect on blood pressure by cardiomyocyte MR is modest. However, reduced atrial naturietic peptide (serum) and brain natriuretic peptide (mRNA) responses to DOC/salt suggest that the heart may be subject to less wall stress in MR-null mice.
Baseline Cardiac Responses to Deletion of MR Signaling
An important finding in the present study is the difference in gene expression profiles of untreated MyoMRKO mice compared with WT mice. Loss of MR signaling in cardiomyocytes resulted in significantly lower baseline levels of oxidative stress markers (p22phox), inflammatory markers (membrane cofactor protein-1, CCR5, CD14, and CD81), and profibrotic factors (plasminogen activation inhibitor 1, VEGFa, p22phox, TGFβ, and integrin β1). These data suggest an important role for the MR in cardiomyocyte signaling pathways responsible for these processes. Given that cardiomyocytes do not express 11βHSD2, expression of these genes may reflect glucocorticoid-bound MR. 28 We recently described a similar pattern of expression for a set of proinflammatory and profibrotic genes in untreated monocyte/macrophage MR-null mice, further supporting a distinct role for glucocorticoid-occupied MRs in cardiac gene regulation. 4 
Perspectives
Clinical studies have demonstrated cardiac protection with MR antagonists in heart failure, although the cellular mechanisms are not fully understood. Previously, the MR has been shown to regulate leukocyte adhesion on endothelial cells 5 and to promote a proinflammatory macrophage phenotype 29 ; our data show that the cardiomyocyte MR regulates multiple stages of the DOC/salt inflammatory and fibrotic cardiac responses. The early responses to DOC/salt are suppressed in MR-null cardiomyocytes, which may be translated into a loss of the expanded tissue inflammatory response at 8 weeks and abrogation of tissue fibrosis. Our data highlight a specific role for cardiomyocyte MRs in the regulation of decorin levels and the CTGF-TGFβ pathway, and increase MMP2/MMP9 activity, together resulting in a net reduction in tissue fibrosis. Although a unique role for the cardiomyocyte MR in cardiac remodeling is consistent with observations of higher MR expression in failing heart tissue, 30 it should be noted that although clinical studies show significantly greater cardiac mass in primary aldosteronism versus essential hypertension, left ventricular function has not been found to differ between these 2 patient groups. 31 However, given that the majority of patients in the Randomized Aldactone Evaluation Study who benefited from MR blockade did not have high aldosterone levels, MR activation in the setting of left ventricular dysfunction may not be aldosterone dependent.
What Is New?
• Cardiomyocyte MR activation plays a direct role in deoxycorticosterone/salt cardiac remodeling, independent of cardiac hypertrophy and systolic blood pressure.
• Lack of cardiomyocyte MR limits early oxidative and inflammatory events, which limits expansion of the tissue inflammatory response and fibrosis.
• Increased decorin, a transforming growth factor-β-inhibitory protein, in cardiomyocyte MR-null mice is a novel mechanism, whereby profibrotic signaling pathways may be regulated by a cell-specific MR.
What Is Relevant?
• Cardiac histology and function in untreated cardiomyocyte MR-null mice is equivalent to wild-type mice showing that MR in these cells is not critical for cardiac development but is important for responses to disease stimuli.
• Identification of the specific cellular mechanisms regulated by cardiomyocyte MRs may allow for the development of targeted therapies, such as tissue-selective MR blockers, that will provide cardiovascular protection but spare renal function.
Summary
• Cardiomyocyte MRs play a critical role in initiation and developing tissue inflammation and collagen deposition via regulation of proinflammatory and profibrotic pathways in the heart.
• Cardiomyocyte MR-null mice show normal tissue structure and function when unchallenged, highlighting the importance of the MR in promoting cardiovascular disease but not in maintaining normal cardiac development and function.
DOC/Salt Model of Cardiac Fibrosis:
Mice approximately 8 weeks of age (n=10/group) were anesthetized with Ilium Xylazil (8mg/kg; Troy Laboratories, NSW, Australia) plus Ketamine (60mg/kg; Pfizer Pty. Ltd., N.S.W. Australia) for uninephrectomy via dorsal incision. All mice were subsequently maintained on standard chow with 0.9% sodium chloride (NaCl) plus 0.4% potassium chloride (KCl) solution to drink. Mice of each genotype were randomly assigned to one the following treatments resulting in a total of 8 groups of mice (n=10 per group): control treatment 8 days, deoxycorticosterone (DOC) treatment 8 days and control treatment 8 weeks and DOC treatment for 8 weeks. One cohort of a total of 80 animals was the subject of the current studies. Mice receiving DOC treatment (Sigma-Aldrich Co. MO, USA) were given a subcutaneous 7 mg 21 day release pellet made in house, which was replaced every three weeks throughout the eight week study 3, 4 . Systolic Blood Pressure: Systolic blood pressure (SBP) was measured by tail-cuff plethysmography (ITTC Life Science, Woodland Hills, CA, USA), by an experienced operator using a procedure adapted from the ITTC Life Science manual. Mice were trained biweekly for 3 weeks prior to SBP recording. On the day of measurement, they were acclimated to the preheated chamber (29°C) for 15min; pressure was then read over 3 consecutive manual inflation-deflation cycles. If the pressure readings differed by more than 5 mmHg they were discarded, the mice allowed to rest overnight and the procedure repeated until 3 consistent readings were obtained.
Assessment of ex vivo heart function:
WT and Myo-MRKO mice given vehicle or DOC/salt for 8 weeks (final age 16 wk) were anesthetised with sodium pentobarbitone (70mg/kg, i.p). Hearts were rapidly excised and placed in ice cold perfusion fluid prior to cannulation of the aorta and retrograde perfusion at a constant pressure of 80mmHg with gassed (95% O 2 , 5% CO 2 ) modified Krebs-Henseleit buffer containing (in mmol/L): 119 NaCl, 11 glucose, 22 NaHCO 3 , 4.7 KCl, 1.2 MgCl 2 , 1.2 KH2PO 4 , 0.5 EDTA, 1.75 CaCl 2 and 2.0 Na pyruvate. The left ventricle was vented with a polyethylene drain inserted through the apex of the heart and a fluid filled balloon made from polyvinyl chloride film was inserted into the left ventricle and attached to a pressure transducer (AD Instruments, Castle Hill, NEW, Australia) to measure left ventricular pressure. Coronary flow was monitored by a 2N ultrasonic flow-probe in the aortic perfusion line, connected to a T402 flow meter (Transonic Systems, Inc., Ithaca, NY). Hearts were allowed to equilibrate for 15 min prior to data collection. Non-paced data were recorded for 5 min, and subsequent recordings were made under paced conditions (420 beats per minute) to characterize basal performance parameters.
Tissue Collection: Animals were killed by CO2 in air at 8 days or 8 weeks with an arterial blood sample and the heart collected and stored for analysis. The heart was immediately sectioned in to 2 parts. The upper half of the heart was immersion-fixed in 4% paraformaldehyde for histology, and the apex snap frozen in liquid nitrogen for RNA extraction and quantitative RT PCR.
Plasma radioimmunoassay for hormone levels: Serum was isolated from arterial blood and aldosterone, angiotensin II and corticosterone levels were determined by radioimmunoassay (MP Biomedicals, NSW, Australia). The sensitivity of the assay was 9.1 pg/mL and the intra-assay variability 5.9%.
Histological analyses:
The extent of fibrosis was determined by dewaxing and staining 5m heart sections with 0.1% Sirius red (Sigma-Aldrich) in saturated picric acid (BDH AnalaR, UK) and quantifying the collagen content with the Analytical Imaging Station software package (Version 4.0 Beta 1.5, Imaging Research Inc. Canada), as previously described 5 .
Immunohistochemistry: The number of infiltrating macrophages and t-cells was determined by immunohistochemistry using the primary antibody CD11b, a monoclonal antibody against mouse CD68+ monocytes/macrophages (1:200 dilution in 1%TBS; Serotec, UK), and CD45 and CD8, monoclonal antibodies (all antibodies were kindly provided by Dr Greg Tesch, Monash Medical Centre, VIC, Australia) respectively on 5m heart sections as previously described 5 . Infiltrating CD68-positive macrophages were quantified by an optical dissector method, which provides a value for the average number of macrophages per frame (826890μm²) rather than per section; more than 80 CD68-positive macrophages were counted for each mouse to allow accurate statistical comparisons between groups 6 . One section per heart was analyzed and the investigator was blinded to the treatment and genotype of each sample. Heart tissue sections were heated for 60 minutes in a 60C oven and then boiled in citrate buffer for 5 minutes for antigen-retrieval. Sections were incubated overnight with antibodies for transforming growth factor (TGF) 1 (1:300; Santa Cruz, CA, USA), connective tissue growth factor (CTGF; 1:100; Abcam, MA, USA), fibronectin (1:1000; Santa Cruz), collagen (Col) III; 1:300; Abcam) or decorin (1:100; R&D Bioscience, Sapphire Bioscience Pty Ltd, NSW, Australia) or the relevant negative IgG at equivalent concentrations and visualized by light microscopy at 20x and 40x magnification. Immunostaining was assessed by 2 investigators blinded to the identity of the samples and using a semiquantitative scoring system of 0, +, ++ and +++ where 0 is no staining and +++ is strong staining. Variability between investigators was tested using randomly selected samples and was determined to be less than 15%.
Illumina BeadChip expression array: Illumina BeadChip expression array was used for target gene discovery by comparing cardiac mRNA responses between all groups. Total RNA was prepared from freshly isolated mouse heart with UltraspecRNA (Fisher Scientific, WA, USA). First strand cDNA synthesis from 500 ng total RNA was performed following DNAase treatment (Applied Biosystems TX, USA), using AMV reverse transcriptase (Roche Diagnostics GmbH, Mannheim, Germany) and priming with random hexamers (2 µmol/l; Roche Diagnostics GmbH).
Gene expression profiles were determined by Illumina BeadChip expression arrays (MouseRef-8 v2.0 Expression BeadChip; Illumina Inc, CA, USA) using pooled mRNA from each treatment group and genotype. Preparation of labelled cDNA and microarray hybridization was performed at the Australian Genome Research Facility (AGRF; VIC, Australia). Primary data was analysed using Spotfire software (Tibco, CA, USA). An expression ratio of median values, which differ by 2-fold or greater, was considered significantly different. Gene expression was confirmed by qPCR. All accession numbers are for the GenBank database.
Reverse Transcription-PCR: Total mouse heart RNA was prepared with Ultraspec (Fisher Scientific, PA, USA). First strand cDNA synthesis from 500ng total RNA was performed following DNAase treatment with avian myeloblastosis virus (AMV) reverse transcriptase (Roche, IN, USA) and priming with random hexamers. PCR reactions were carried out with the primer sets listed in Supplementary Table S1 . Expression levels were normalized to those of the 18S ribosomal subunit (V01270). To validate the real-time PCR protocol, standard curves were generated for each gene by 1:10 serial dilutions of previously prepared standards. Standards were diluted from 10 to 0.1 pg/µl for 18S and from 500 to 0.5 fg/µl for other transcripts. Quantitative PCR amplification was performed on the LightCycler (Roche) using SYBR Green reaction mix (Roche). Samples of cDNA for 18S rRNA analysis were diluted 1:20 in water immediately before use and all remaining samples analyzed undiluted. Relative amounts of mRNA were calculated by normalizing values to 18S rRNA values. Data presented are representative of 2 separate reverse transcriptase and quantitative PCR experiments.
Statistics: All data sets were analysed by Two Way ANOVA, and Bonferroni's post hoc test was applied to identify significant effects between groups (GraphPad Prism version 5.0a, GraphPad Software, CA, USA). Normal distribution was confirmed by the D'Agostino-Pearson normality test prior to analysis by ANOVA. The mean difference was considered significant at P<0.05. All data are reported as mean ± SEM and n=8-10 for all treatment groups except for semiquantitative analysis of immunostaining where n=5-6 per group. 
Supplementary Table S1. Primers used for genotyping and analysis of gene expression
Gene
